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Fig.2. First offshore? wind farm 
in Japan at Setana.(600KW x 2)
?http://www.mlit.go.jp/kowan/kaihatuka/
wind_hp/jirei-world?
Fig.3. Horns Rev??Denmark?
? ???? ?? ?
?http://www.hornsrev.dk?
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Specifications of ENVISAT/ASAR
Mode Image mode (IM)
Product Precision product 
Beam IS2
Incidence angle 18.7~26.2deg
Swath 107.7km
polarization VV
Pixel spacing12.5m
Orbit Descending
Period Feb.,03-Mar.,06
No. of scene 35ASAR geometrically-corrected 
NRCS image?Sep.24, 2003, 01h 
09m?UT), 500m resolution)
????????PALSAR???Fine beam 
mode, 2007?12?13?13h27m?UT)???
???????????????????
333????11.8m/s?????5.0m/s)
Mode Fine beam 
Incidence angle 23.8~36.0deg
Swath 40~70km
polarization HH
Pixel spacing 6.25m/12.5m
Orbit A/D
Period Oct.,10-Dec.,13
No. of scene 12
Specifications of ALOS/PALSAR
   
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Table 4. Available observational equipments        2005 May
15m long from stem to sternYAMAHA
Observation 
ship
Wind speed/wind directionKAIJO SONIC
0~30
m/s
Ultrasonic 
anemometer
Wave speed/Wave heightKAIJO SONIC
FS 
15m
Ultrasonic 
wave gauge
Temperature/Salinity/Depth
ALEC 
Electroni
cs
0~200
mSTD
Temperature/Salinity/Depth
/Conductivity/Dissolved Oxygen
/Turbidity/Chlorophyll-a
Sea-Bird 
Electroni
cs
0~200
mCTD
Current speed/Wave heightIOTechnic
Current 
speed/Temperature/Salinity
ALEC 
Electroni
cs
Electromagn
etic current 
meter?2
ADCP frequency 1200Hz
Wave ADCP
ADCP frequency 1200HzRD 
Instrume
nts
0~20
mADCP ?2
NotesManufacture
Profili
ng 
range
Observation 
instrument
23m
Fig.8. Marine tower at Shirahama.
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Wind speed estimation using CMOD4 and LMOD
ASAR/PALSAR Raw image
Power image
Noise-removed image
NRCS (sigma nought) image
Wind speed estimation at 10m height
Amplitude to Power
Speckle noise removal
Backscattering 
image generation
CMOD4 (Stoffelen and Anderson, 1997) ?????
LMOD (Isoguchi and Shimada, 2007)+In situ wind 
direction
BEST (Basic Envisat SAR 
Toolbox, V4.0.5,2007, ESA) 
ERDAS
???
???
???
???
??
??
??
??
?
? ? ?? ?? ?? ?? ??
? ??? ?????? ??? ?? ?
??
??
???
??
Fig.10. Relationship between Normalized Radar Cross Section 
(?0) and wind speed?May,7,2004?Incidence angle=25.8deg?
Relative wind direction=344.3deg?
-9.36dB
4.3m/s
CMOD4??0=f (wind speed? relative wind direction?incidence angle)
?0lin=b0(1+b1cos?+b3tanhb2cos2?)1.6
(Stoffelen and Anderson, 1997)
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? ???????NRCS???????????36?????
?253??2007?12?13????
LMOD??0=f (??W? ??????????)
?0=A0(1+A1cos?+A2cos2?)
??????A0,A1,A2?????????????(Isoguchi and Shimada?2007)
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
Radar antenna
Upwind?direction??=0?)
Crosswind?direction ??=270?)
Downwind?direction
??=180?)
Fig.5. Geometry of SAR viewing and relative wind direction?.
Azimuth direction
Range direction
Crosswind?direction ??=?0?)
?????
Fig.13. Results of comparison between in situ and the estimated
based on CMOD4 algorithm
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Image date Sep.24, 2003
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(Sep.24, 2003)
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(Dec.13, 2007)
Fig.12. Examples of estimated offshore wind speed distribution based on CMOD4 
and LMOD with in situ wind directions.(500m grid) 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
Fig.15.  Normalized radar cross section (NRCS) as a function of wind 
speed for the fixed radar incidence angle 21 degrees.
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